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Abstract
The positron source of the International Linear Collider is based on
a superconducting helical undulator passed by the high-energy electron
beam to generate photons which hit a conversion target. Since the pho-
tons are circularly polarized the resulting positron beam is polarized. At
ILC250, the full undulator is needed to produce the required number of
positrons. To keep the power deposition in the undulator walls below
the acceptable limit of 1W/m, photon masks must be inserted in the un-
dulator line. The photon mask design requires a detailed study of the
power deposition in the walls and masks. This paper describes the power
deposition in the undulator wall due to synchrotron radiation.
1 Introduction
The baseline positron source of the International Linear Collider (ILC) uses a
helical undulator. The electron beam passes a long super-conducting (SC) helical
undulator that is placed at the end of main Linear Accelerator. A high number
of circularly-polarized photons is produced. These multi-MeV photons hit a thin
Ti6Al4V target in order to produce longitudinally polarized positrons through the
pair production mechanism [1].
One great benefit of the undulator-based positron source is the generation of
a longitudinally polarized positron beam [2]. Without collimation of the photon
beam the degree of positron beam polarization is ≈ 30% which already improves
substantially the precision of measurements.
*Talk presented at the International Workshop on Future Linear Colliders (LCWS2018), Arlington,
Texas, 22-26 October 2018. C18-10-22.
khaled.alharbi@desy.de
1
ar
X
iv
:1
90
2.
07
75
5v
1 
 [p
hy
sic
s.a
cc
-p
h]
  2
0 F
eb
 20
19
However, to achieve the required luminosity with the baseline undulator, its
full active length must be used. Since the opening angle of the photon beam
depends on 1/γ, more photons could hit the undulator wall [3]. However, the
power deposited in the undulator walls should be kept below 1 W/m [4].
In this paper the energy deposition in the undulator wall is studied. In order to
protect the wall, photon masks can be installed along the undulator at the position
of the quadrupoles as suggested in [5]. For the mask design the distribution of the
photons and their energy is crucial.
The ILC undulator parameters are shown in table 1. The general layout of
the undulator is described in [TDR]. The undulator modules have a length of
1.75m. Always two undulator modules are mounted in one cryomodule of 4.1m
lentgh. Quadrupoles are positioned every 3 cryomodules to steer and focus the
electron beam through the undulator. The active length of the undulator is 231
m; the total length amounts to 320 m. The undulator aperture is 5.85mm. The
undulator period is 11.5mm and the maximum B field on undulator axis is 0.86T
corresponding to a maximum K value of 0.92. Here, K=0.85 was used.
Table 1: ILC undulator parameters.
Parameters Values
Centre-of-mass energy 250 GeV
Undulator period 11.5 mm
Undulator K 0.85
Electron Number per bunch 2× 1010
Number of bunches per pulse 1312
Pulse rate 5.0 Hz
Cryomodule Length 4.1 m
Affective Magnet Length 3.5 m
Undulator Aperture 5.85 mm
Number of quadrupoles 23
Quadrupole Spacing 14.538 m
Quadrupole length 1 m
Total active undulator length 231 m
Total lattice length 319.828 m
2 Synchrotron Radiation Power Incident on the Undulator Wall
To calculate the incident power from the Synchrotron Radiation (SR) on the undu-
lator wall, the angular distribution of the power radiated from the helical undulator
must be studied.
The angular power distribution produced from a helical undulator with N peri-
2
ods can be calculated by using Equation 1 [6]:
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Where θ is the photon opening angle, γ is the relativistic factor, and h is the
number of harmonics to be included. ω0 is the circular frequency of the electrons
helical orbit. λu is the period.
The photons generated in the first undulator module pass the full undulator
length except a part which hits the wall of modules downstream. Figure 1 shows
the distribution of these photons along the undulator wall separated for the first
six harmonics and in total. In the beginning of the undulator the contribution of
photons from the 1st harmonic is order of magnitudes larger than that from higher
harmonics. The incident photon number from higher harmonics is increasing along
the undulator length. At the end of the undulator, the incident photon number
from the second and third harmonics are close to that from the first harmonic.
Figure 2 shows the average photon energy for each of these harmonics.
It is clear that the first harmonic deposits photons with lowest energy but the
highest number of photons. Now we are interested in the energy deposition on the
undulator wall.
The first undulator module causes the worst scenario of power deposition on
the undulator wall. The power deposition from the first module is calculated
analytically. But with the analytical approach it is almost impossible to take
into account uncertainties of the undulator spectrum due to errors in period an K
value. Thus, also a simulation with the Helical Undulator Synchrotron Radiation
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Figure 1: Number of photons from the first module incident on the undulator walls.
Figure 2: Energy of the photons from the first module incident on the undulator walls.
(HUSR) code is performed. HUSR is a C++ code which was developed by David
Newton on Cockcroft Institute [7, 8]. Here, both approaches consider an ideal
undulator to verify the agreement of the results. In later studies the HUSR code
will be used including realistic undulator errors.
Due to SR the electron beam loses 3 GeV along the helical undulator; thus a
128 GeV electron beam is chosen to be tracked through the undulator. The ILC
undulator parameters used in this study are given in table 1. The positions of the
undulator modules are taken from the ILC TDR [1].
Figure 3 shows the power deposition on the wall from photons generated in
the first module. Comparing the results of the analytical and simulation (HUSR)
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approach one finds a good agreement for distances above 30m from the exit of the
first undulator module. For distances below 25m from the exit of a module, HUSR
was found too time consuming to calculate the photon spectrum.
Figure 3 shows the energy deposition from the first module along the undulator
determined using the analytical approach and HUSR, and it shows the total energy
deposition taking into account the SR from all 132 undulator modules. The latter
was calculated analytically.
The red line represents the total power deposition in the wall considering all
132 undulator modules.
Figure 3: Energy deposition in the undulator walls. The blue line represents the deposition from photons
generated in the first module calculated using Equation (1) and HUSR (green dashed line); the red line
shows the total energy deposition taking into account all modules.
3 Photon Masks
Masks will be installed to protect the undulator walls from synchrotron radiation
and to keep the power deposition in the wall below 1 W/m [4].
The peak power deposited per meter from the first module is ≈ 1.10 W and
from all modules ≈ 18.5 W. This power must be absorbed by placing photon masks
along the undulator length. The photon masks have a smaller aperture than the
undulator aperture. In the ILC TDR, photon masks with 4.4 mm aperture have
been chosen. These masks are placed behind the quadrupoles as shown in figure
4. In total, 23 photon masks are placed along the undulator; the distance between
two masks is 14.538m.
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Figure 4: Schematic layout of a half cell of the undulator line.
If we assume that masks are ideal and absorb all power that hit them, figure 5
and figure 6 show the load on the walls at the end of the undulator, i.e. between
masks 22 and 23. Figure 5 presents the average energy and figure 6 presents the
total number photons incident on the walls as function of the distance between
masks 22 and 23. Figure 7 shows the total incident power on the undulator wall
between these two masks.
Figure 5: Average photon energy incident between masks 22 and 23.
The effect of adding masks on the incident power along 23 photon masks is
shown in figure 8. The green points represents the location of the photon masks.
Using photon masks will reduce the peak incident power to ≈ 0.022 W/m.
4 Photon Power incident on the masks
As shown in figure 8, photon masks with aperture of 4.4mm need to be placed
along the undulator to keep the power deposition in walls below the acceptable
limit. To design photon masks the photon energy distribution at the mask must
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Figure 6: Number of photons incident between masks 22 and 23.
Figure 7: Power deposited between masks 22 and 23.
be known.
Figure 9 shows the maximum and average energy of photons incident on the
masks. The maximum energy of photons which hit the first mask is in the KeV
range while at the last mask the maximum photon energy is in the multi-MeV
range.
At the last photon mask the peak and average energy of the photons is ≈ 11
MeV and ≈ 1.93 MeV, respectively. Figure 10 shows the energy spectrum of
photons incident on the last photon mask. Although the number of photons with
energies above 4 MeV drastically decreases, simulations with masks have to confirm
that the masks can absorb the photons and prevent that secondaries pollute the
vacuum.
The power incident on the last mask is shown in figure 11. As mentioned earlier,
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Figure 8: Power incident on the undulator walls from all 132 undulator module, with masks (blue) and
without masks (black). The green points represent the position of the photon masks.
Figure 9: Maximum and average energy of photons incident on the masks.
the undulator aperture is 5.85 mm and that of the masks is 4.4mm. The plot in
figure 11 shows the distribution of the incident between the radii 2.2 mm and 2.925
mm. The peak deposited power is found for r = 2.2 mm, and the deposited power
dramatically decreases when the radius increases to 2.925 mm, as expected. The
total incident power at the last photon mask is ≈ 335 W.
The energy distributions of photons on the undulator walls and photons masks
are very important to design the photon mask in terms of the material and dimen-
sions of the mask. It is clear that photon masks, in particular, which are placed at
the second half of the undulator must be carefully designed to absorb all photons.
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Figure 10: Energy spectrum of photons incident on the last photon mask.
Figure 11: Radial distribution of the power incident on the last mask.
5 Conclusion
The power deposited in the undulator wall due to the synchrotron radiation has
been studied. It is found that the peak power deposited from the first module is
≈ 1.1 W/m and the peak power deposited from the entire 132 modules is ≈ 18.5
W/m.
Photon masks with aperture of 4.4 mm need to be inserted along the length
of the undulator line to keep the power deposition in the undulator walls below
the acceptable limit of 1 W/m. By adding the photon masks the peak power
deposition in the undulator wall is reduced to ≈ 0.022 W/m.
Since we will not be able to build an ideal helical undulator the non-ideal photon
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distribution should be studied. This can be done by using HUSR code. The design
of the 23 masks will depend on the non-ideal photon energy distribution at each
mask. Therefore the non-ideal photon energy distribution at each mask will be
studied.
In this study it is assumed that all the incident power is perfectly absorbed by
the photon masks. Future studies will also include the possibility that the photon
power is not completely absorbed.
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